It has been shown repeatedly by many investigators'-8) that cold hardiness of plants increases as a season enters from autumn to winter, reaching the highest value during midwinter and then decreases when the plants are exposed to warm weather in spring. As stated in most of their papers the osmotic value of plant tissue is large in a season when cold hardiness is presumed to be large, so it is supposed that there exists a relationship between the two.
It has been shown repeatedly by many investigators'-8) that cold hardiness of plants increases as a season enters from autumn to winter, reaching the highest value during midwinter and then decreases when the plants are exposed to warm weather in spring. As stated in most of their papers the osmotic value of plant tissue is large in a season when cold hardiness is presumed to be large, so it is supposed that there exists a relationship between the two.
The osmotic value of a cell in a normal state is due not only to the solute , but also to the water content. Hatakeyama') revealed that the solute ratio (solute content) was a valuable aid in interpreting the osmotic value differences. The solute ratio was calculated from the osmotic value of expressed sap and the water content on a dry weight basis, i.e., "solute ratio "=P2o .[H20}/24.05 where "solute ratio "=number of gram molecular weights (mols) of solute per kilogram of dry tissue, P2o = osmotic value in atmospheres at 20°, [H20] = grams of water per gram of dry tissue, and 24.05 = the osmotic value of a mol of undissociated ideal solute in 1 kilogram of water at 20°. He') also revealed in the study of the relation between freezing point and cold hardiness of plant tissue that the seasonal change in the freezing point of living tissue being an indicator of cold hardiness is considered to be due to variations in the colloidally bound water in living state and in the solute ratio, but that of dead tissue by freezing is due mainly to the change in the solute ratio.
The authors') observed similarly in a previous paper that the freezing point of the living tissue in the mulberry bud was lower in cold season and its seasonal change depended on not only that of the freezing point of the dead tissue, but also that of colloidally bound water in living state. But in that paper the details on the freezing point of the dead tissue by freezing were omitted out of space consideration, so those shall be discussed in this paper.
Material and Method
As material, the bud of Akagi, a cultivated race of Morus bombycis Koidz. in Mt. Hiei (600 m, above the sea-level) was used. In order to avoid variations as much as possible in values of measurement which might be influenced by such environmental factors as sunlight and rain, the material was collected early in the morning of a day next to a fine day.
A fine thermojunction was inserted in the bud and held in an air-space in a glass cylinder of 2 cm. diameter, soaked in the freezing mixture of -15°, until the bud temperature fell after freezing. The freezing point of the selfsame bud was measured repeatedly after thawing it. As the freezing was repeated, the freezing point rose * Supported by a Grant in Aid for Scientific Research of the Ministry of Education . ** Moriological Institute , Faculty of Textile Fibers, Kyoto University of Industrial Arts and Textile Fibers, Kyoto, Japan. *** Botanical Department , Faculty of Science, Kyoto University, Kyoto, Japan.
up, to become constant after the second to twelfth freezing when the tissue had died of f reezing2) . This successive rise of freezing point will be due to liberation of colloidally bound water in living cells' 2). The highest freezing point of the dead tissue after the repeated freezing was still 0.10 lower than that of the brei of the selfsame bud, giving the same value as the expressed sap. This rise is considered to be due to liberation of the water imbibed or bound in cell wall, protoplasm and others after the sudden change of the micellar structure of the tissue').
Therefore, correction for the supercooling of the dead tissue and subtraction of 0.10 from the freezing-point lowering of it were done').
Conversion of the freezingpoint lowering to osmotic values at 0 ° was accomplished by Lewis' formula P,= 12.064 _0 .02142, where 4 = freezing-point depression.
The value obtained was corrected for change in osmotic pressure from 0 ° to 20° by the equation P20 = P0.293/273 . From this osmotic value and the water content of the selfsame bud, the solute ratio was calculated9).
Results
The results are shown in graphs (Fig. 1) . The buds at this habitat unfolded in the middle of May. The new lateral buds were somewhat smaller in size than the old ones in spring.
The osmotic value of new buds was low, while the water content was very large.
And the solute ratio was relatively high. With the lapse of time after the budding the water content decreased and beyond that degree the osmotic value increased because of the increase of the solute ratio. From July to September, not only the water content but also the solute ratio decreased, so the osmotic value increased slightly.
From October to the beginning of April the water content remained almost constant, while the solute ratio increased from autumn to winter, reaching to its maximum in mid-winter and then decreased rapidly towards spring. Therefore, the osmotic value changed in the same way as the latter. From the middle of April to that of May the water content increased rapidly, but the solute ratio remained almost constant except the slight rise in the beginning of April. So the osmotic value dropped to its minimum as rapid as in March. And soon after the experiment, the bud began to unfold. Generally speaking, from May to September the change of the osmotic value is considered to be due to those of the water content and of the solute ratio, while from September to April of the next year it is due only to the change of the solute ratio and from April to May only to that of the water content.
Discussion
Such solutes as soluble saccharides, electrolytes and others and water content are playing a weighty part in changes of osmotic pressure of plant tissues.
Jeremiasl°) revealed that in leaves of Hedera helix sucrose was seen in all seasons and showed its maximum in late winter when also galactose, raffinose and stachyose appearing in winter only reached to their maxima.
Henze") revealed that in barks of fruit-trees free pentose showed its maximum in November, while free hexose in February, but all pentoses containing bound ones showed more close correlation with frost hardiness than all hexoses.
Parkers12 5) observed the similar increase in sucrose, glucose, fructose, stachyose and especially raffi.nose of tree barks and leaves, and revealed6) that raffinose increased in autumn from undetectable amount to about 1.5% of the fresh weight of white pine leaves in winter and was closely associated with hardiness increase.
The raffinose decline in spring was relatively steep, as was the nearly concomitant change in hardiness.
Taguchi and Miyazaki13) observed that the seasonal change in solute concentration in new shoots of fruit trees was due considerably to the change of electrolytes in the growing season and to that of non-electrolytes in winter.
Also in the shoot of Quercus tree grown for rearing wild silkworms, Yamazaki et al.14) observed that the content of reducing sugars increased greatly in winter and decreased in spring.
Using mulberry leaves Iwanari") observed that copper content in growing leaves in May was about twice as much as in full grown ones in October.
Kashiwada" ") revealed that in mulberry shoots sucrose was seen all the year round, being more in August-September and March-April, and less in October-November. Glucose had a tendency to be constant throughout the year. Fructose was less in August, more in October-November and disappeared in March. In November, maltose, raffinose and stachyose appeared and their contents in winter were considered to be related to cold hardiness.
He observed raffinose and stachyose also in mulberry buds in winter. Using the bark of mulberry twigs at Sapporo, Sakai7 , 8 ") stated that stachyose first appeared in mid-October (ten days before the defoliation), then increased in the colder months, but it showed a marked decline in April and was not detectable in the latter part of the month (ten days before the budding).
There was a marked increase in stachyose, raffinose, pentose as well as sucrose from autumn to winter, but no such increase in other sugars.
The content of sucrose amounted in summer to 67% and in winter to 80% of the total sugar content.
In consideration of the premises, the osmotic value of each solute component in tissue is hard to understand, but the change of the solute ratio from May to September may be due considerably to that of electrolytes and from October to March to that of non-electrolytes.
It may be able to say that September-October and April are the physiological turning-point of mulberry buds in Mt. Hiei because those months are not only the beginning and the end one of constant water content but also the time of the change of solute components.
The high osmotic value due to the high solute ratio as well as the large amount of colloidally bound water in living state2) is very favorable to cold hardiness in winter, while the low osmotic value due to the large water content as well as the small amount of colloidally bound water is a condition susceptible of frost damage in April-May.
Summary
The change of the osmotic value of mulberry buds is considered to be due to those of the water content and of the solute ratio from May to September. The water content being constant from September to April of the next year, the change of the osmotic value is due only to the change of the solute ratio, while the solute ratio being constant from April to May, the change of the osmotic value is due only to the change of the water content.
It may be able to say that September-October and April are the physiological turning-point of mulberry buds in Mt. Hiei.
